This study was conducted to investigate the antioxidant properties and inhibitory effects on the inflammation-related cytokines of plant extracts fermented with Lactobacillus paracasei LS-2 in comparison with the unfermented aqueous plant extract. Attempted have also been made to identify fermented plant extracts that display no cytotoxicity against murine macrophage cells, while still maintaining their biological characteristics. Most of the fermented plant extracts showed reduced cytotoxicity.
Traditional medicinal herbs have been shown to display a diverse range of different biological activities and are generally taken orally as crude extracts. In previous studies, many Asian herbs have been shown to exert pharmacological functions, such as anti-inflammatory [1, 2] , immuno-enhancing [3] and free radical scavenging activities [4, 5] . Although biologically active substances from these medicinal plants have been extensively studied, their use is restricted to food products due to their potential harmful effects [6, 7] .
Nitric oxide (NO), a free radical generated from L-arginine, is an important chemical in numerous physiological processes [8] . However, damage or injury by oxidative stress occurs due to excessive production of this active oxygen and an imbalance of the body's redox potential is closely related to chronic inflammatory diseases [9] . Macrophages play a central role in initiating the host immunity and are also mediated through the release of different cytokines such as IL-6, TNF-α and NO [8, 10] . These cytokines contribute to the defense mechanisms of the host in response to internal or external invasion, but the overexpression of these pro-inflammatory cytokines may result in the development of inflammation [11, 12] .
Anti-inflammatory IL-10 is known to block the induced synthesis of pro-inflammatory cytokines by mouse peritoneal macrophages [13, 14] and may support an important role in acute inflammatory responses.
Certain members of the Lactobacillus genus are believed to have beneficial effects on the health of the host when they are ingested [15, 16] . Fermented cereals, such as rice, wheat flour, and barley [17, 18] , are believed to improve the texture and potentially the nutritional properties of these cereals in comparison with raw cereals. Therefore, this study was conducted to investigate the antibacterial, antioxidant and immunomodulating effects of plant extracts fermented with plant-derived specific lactic acid bacteria in comparison with aqueous plant extracts that have been shown to have these effects.
The LS-2 strain, identified as L. paracasei, showed the highest cell growth when fermented for 36 h at 37 o C together with an appreciable decrease in pH and increase in TA. L. paracasei LS-2 grew well in all plant extracts, except for SC and showed the highest level of growth after 36 h of fermentation at 37 o C ( Table 1 ). This finding suggests that the plant-derived lactic acid bacteria could be used to ferment some herbal extracts and may potentially be a new source of herbal products that can be developed into functional materials.
Among the fourteen plant extracts tested, AC, MP and SB (see Table 1 for abbreviations) exhibited a dosedependent radical scavenging activity and the percentage of the electron donating activity is given in Table 2 . AC possessed very strong free radical scavenging activity against the DPPH radical and this remained after fermentation. The other extracts had either less or no radical scavenging activities. Hong et al. found that the ethyl acetate fraction of Artemisia capillaris showed marked antioxidant efficacy in both in vitro and in vivo models [5, 19] .
The toxic effects of APE and FPE were dose-dependent and SB displayed the highest cytotoxicity. Table 3 shows that most APE at a concentration of 500 ppm were cytotoxic to the murine macrophage cell line, except for SC and LJ. However, a significant reduction in the toxic effect by fermentation was observed for the cells treated with FPE of AC up to a concentration of 500 ppm. This tendency was also shown for the cells treated with FPE of HC, DZ and MK. The other APE treatments did not show any differences in cytotoxicity compared with FPE. When cells were stimulated with APE of AC at a concentration of 500 ppm, NO production increased to the same level as LPS. However, NO production by FPE of AC stimulated cells at the same density was much lower than the production induced by APE of AC ( Table 4 ). The inhibitory effects of the essential oil of AC on the LPS-induced NO and prostaglandin E were also investigated in RAW 264.7 macrophages [20] . The NO produced by treatment with APE of LJ resulted in concentration-dependent cytotoxicity, but these effects were slightly abolished by fermentation.
Most of both the APE and FPE did not induce remarkable amounts of IL-6 and some of them induced no IL-6 after stimulation at the highest concentration. However, FPE of UD (206.8 ± 6.5 pg/mL) and APE of FS (131.9 ± 18.5 pg/mL) induced larger amounts of IL-6 than the other plant extracts (Table 5 ). Table 6 shows the dose-dependent release of TNF-α from RAW 264.7 cells by APE and FPE. Secretion of TNF-α was observed when treated with HC, UD, LJ and SA, where treatment at a concentration of 500 ppm generated much higher levels of TNF-α than was observed with APE. APE of TO and MK also induced large amounts of TNF-α, but the ability of inducing TNF-α was not enhanced by fermentation.
Effect of fermentation on biological activities of plant extracts
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Results are expressed as the percentage of cell viability where the control was set to 100% and presented as means ± SD. Table 7 shows the effects of LPS-induced release of anti-inflammatory mediator IL-10 by pretreatment of RAW 264.7 cells with the various APE and FPE. FPE of AC and SB led to a strong increase in the capacity to induce IL-10 production (71.6 ± 12.1 pg/mL and 86.5 ± 23.4 pg/mL, respectively) in LPS-stimulated cells. Much smaller amounts of IL-10 were detected in APE of AC, but this ability was significantly enhanced by fermentation, and APE of AC produced levels that were at least twice as high as the production observed when the positive stimulant, LPS (46.1 ± 6.5 pg/mL), was used. The inhibitory effects of AC on LPS-or ethanolinduced pro-inflammatory IL-6 and TNF-α secretion were also investigated in RAW 264.7 cells [1, 20] and Hep G2 cells [21] .
In this study, we demonstrated that the APE of AC was cytotoxic to murine macrophage cell line and induced NO production. However, fermented AC at the same concentration was not cytotoxic to the cells. In summary, AC markedly induced the production of the anti-inflammatory mediator, IL-10, in LPS-stimulated cells and no loss of anti-oxidant activity was observed by fermentation. These findings suggest that fermented AC possesses more medicinal properties than crude AC. The RAW 264.7 cells at a density of 5.0ⅹ10 5 cells/ were stimulated with the indicated concentration and the culture supernatants were analyzed for NO production. a Undetectable.
Experimental
Isolation and identification of Lactobacillus paracasei LS-2: Lactic acid bacteria, LS-2, was isolated from mixed fruits and vegetables, such as apple, tomato and onion, cultured at 37 o C. Microscopic examination, Gram staining, colony morphology and catalase test were carried out and the selected LS-2 was identified by 16S rDNA sequencing and verified using BLASTX search [22] .
Preparation of aqueous plant extract and fermented plant extract:
The 14 selected traditional Asian herbs used in this study are listed in Figure 1 . The aqueous plant extract was prepared as follows; each dried herb (domestic market, Seoul, Korea) was added to water (1: 10, w/w) and boiled at 100ºC for 3 h. The extracted solution was filtered through 8.0 and 2.5 μm filters (Whatman, Schleicher & Schuell, England) twice to acquire the plant extracts [23] .
L. paracasei LS-2 was inoculated at a concentration of 7.0 log/g for each aqueous plant extract. The aqueous plant extract was used as the sole medium for The RAW 264.7 cells at a density of 5.0ⅹ10 5 cells/mL were stimulated with the indicated concentration and the culture supernatants were analyzed for cytokine induction. Results are expressed as μM and presented as means ± SD. a Undetectable. b Not detected. fermentation of L. paracasei LS-2 and incubated for 24, 36 and 48 h at 37ºC, respectively. Changes in pH and the growth rate of lactic acid bacteria in each fermented plant extract were measured. In addition, the titratable acidity (TA) was also measured and expressed as percent lactic acid produced as described previously [18] .
Determination of DPPH radical scavenging activity:
The antioxidant activities of the aqueous plant extract (APE) and fermented plant extract (FPE) were determined based on the radical scavenging ability by reacting with a stable DPPH free radical [24] . Briefly, 1, 1-diphenyl-2-picrylhydrazyl (DPPH) solution (2.0x10 4 M) was prepared with ethanol and distilled water. One mL of each extract at the indicated concentration was added to 5mL of the above DPPH and their reactivity against DPPH was determined spectophotometrically at 528 nm (Mecasys, Seoul, Korea). The percent inhibition was calculated as follows:
% inhibition = (A blank -A extract ) x100 / A blank . cell cytotoxicity (%) = (OD of treatment group/OD of control group)x100. The RAW 264.7 cells at a density of 5.0x10 5 cells/mL were stimulated with indicated concentrations and the culture supernatants were analyzed for cytokine induction.
Results are expressed as μM and presented as means ± SD. a Undetectable; b Not detected.
Induction of pro-inflammatory cytokines:
To measure the release of various cytokines from RAW 264.7 cells upon stimulation, the cells were stimulated, as described before, except that the culture time was changed to 24 h. The levels of cytokines released were compared with cytokine levels observed in RAW 264.7 cells in DMEM alone as a negative control and cells stimulated with LPS (2 μg/mL) as a positive control. The culture supernatants were then collected and stored at -20ºC until analysis [26] . The induction of various cytokines was measured using a commercial ELISA kit (BD OptEIA TM Set; BD Biosciences, CA, USA) for IL-6 and TNF-α according to the manufacturer's recommendations, and absorbance was measured at 490 nm using a 96-well plate reader (Molecular Devices).
NO determination:
The RAW 264.7 cells at a density of 5.0 × 10 5 CFU/mL were treated with APE and FPE at 500, 250 and 100 ppm, respectively. After 48 h, the culture supernatants were collected and analyzed for NO production. The concentration of nitrite in the culture supernatant was determined using the Griess reagent (1% sulfanilamide in 50% H 3 PO 4 (w/v), 0.1% N-1-napthylethylenediamine dihydrochloride (1: 1) [27] . Color development was measured by absorbance at 540 nm using a 96 well-plate reader. The positive control, LPS (2 μg/mL, from E. coli, Sigma, St. Louis, MO. USA), was also used.
Induction of IL-10 in LPS-activated RAW 264.7 macrophages:
For the experiments where the effects of pretreatment of APE and FPE on LPS-induced release of IL-10 were examined, the cells were serum-starved for 4 h before treatment. The pretreated cells were then further cultured with LPS (2 μg/mL) for 24 h. The induction of IL-10 was carried out as described before.
Statistical analysis: All statistical analyses were performed using SPSS software (version 13.0) and mean values were expressed with SD from 3 independent experiments. The values were evaluated with one-way ANOVA and compared using Tukey and Dunnett's multiple tests at P ≤ 0.05 between groups. 
